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MODELING AND SIMULATION FOR PROCESS AND SAFEGUARDS SYSTEM DESIGN*
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ABSTRACT

A computer modeling and simulation approach that

meets the needs of both the proc,!as and safe-
guards system designers is deacrijed. The re-

sults have been useful to Westinghouse Hanford

Company protean designers in optimizing the

process scenario and operating achcme of the

Secure Automated Fabrication line, rhe combined

procenalmeauuremeltitn model will serve aa the

basis for design of the aafeguardn system. in-
tegration of the procees design and the safc-
guardn system design should result in a smoothly
operating process that is eaaier to atrfe~u~rd,

1, INTRODUCTION

The aafeguardn 8yBt{m engineer must be

knowledgeable of the proc,aa scenarioa, operat-

inR nchemen , ac ‘ the prccean meaaurementn and

their nnnociated errors ~f)en he designs a aafe-
gunrctn nyntem, It in denirahle that the procraa

operate smoothly, with minimum downtime and re-
cycle ntrrama, to ~implify the materinla control

and accounting nyntem. The proceea denign~r
would likr nnnt!rance that thr proccnn ncenario
CInd oporntinR schrme will prnvidm thp reql,ired
prodllcl output , In addition, the prnc~mn do-
ni~npr woIlld like to be aware of pntenti~ihot-
Ilrnockn and know that adequate buffer ntorage
caparitv h~ri hoen pr[lvidrd. Thin paper cte-
ncrihen n modrlin~ an(l nimulmt ion apprn~ch that
mpeta the ne~dn of hnth thr prncenn and Onf*-
guards nyntem ct~nisnern.

D. R. Duncan and M. W. Llenecke

We.stinghouae Hanford Company

P. O. Box 1970
Rich lancl, Waahirrgton 99352

(509) 376-0401

evolution of the process design, many different
process ac,~narioa and operating schemes were
modeled. In addition, a detailed study of the
Boat Transport System in the SAF line wss per-

formed.

II. PROCESS DESCRIPTION

A. The SjF Proceaa

In this pap-r, we shall be concerned only
with the powder al,d pellet operations of the
mixed-oxide fuel-fabrication proceaa, A model

of the operationa of fuel pin fabrication is
presently under construction, A schematic of

the SJF line powder and pellet operation is
shown in Fig, 1.

fhe SAF process con.rnence$ with b,ltc)ling
and blending of uranium oxide and plutot)ium
oxide powdorao An organic binder and pore
former in added to the blended powders, followed

by compaction and granulation, After the ●ddi-

tion of IIlbricant to the granulen, ppllots are

prennea At two independertt pressing stations
The pellets are loaded into hoato that paaa
throtlRh debinding nnd ni.]tering iurnacea, ‘H!●

nintrred pollctn are $a;,nplcd and aualyzed fur
conformance to mpecificatit)ns. Thn pellets are

then Kround tu air, r and inspected, Finally,
pelletn are loadrd intn cladding and fabricated
into fuel pinn,
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FiR, 1, A nchematic of the SAF procra~.

the exit interface belt to Convryor L,)op B.

RoAtn are then tranaportrvl to thr SlnterinR
Furnace inl~t. Aflr=r panning thr’t)tl~h the fur-
nace, hontn ●nit to Conveyor Loop tl ond ● rr
t.rmnnpnrterl to that UnlondinRc After unlonAinR,

hontn nra trnnnforred tn Conveyor [,onp A, which
trannportn them to t!nnt Innpoct ion and (:lexttin~,

Sintered pellota requirin~ fwrtllor doKann-
inK will be Iondlld into cmnintorn and tratla-

ferrld (1’oi’n Pellet !ilot’#Ro onto Ck)llV@yOI’ [.onp A,
whirh trannpnrtrn tho cann to Prnpmrty Adjw8t -

ment , After prn~@nninR in lhII furnace, tho
canintern are rnnvoyad hack to PolleL $lorage

()!I Loop A,

Green scrap is collected in special boata.
These boata pasa through the Debinding and Sin-

tering Furnaces and remain on Loop B until they

are removed once ● week through the waste bagout
port on Loop B and sent to Dry Recovery.

III. MODELING AND SIMULATION METHODOLOGY

k. Powder ●nd Pellet Operation

Three different process scenarios and many
operating schemes were modeled as the process

design evolved. In all caaea, two 100-kg

batches of mixed oxide crc processed each week,

In the first scenario, a batch is taken as a
unit through the entire process. Pellete are

pressed twice a week; each prcsaing run laata

approximately two ahlfta. In the second sce-
nario, the material is divided into 10-kg sub-

batchea following the powder blending opera-
tion. Pellets are preaaed five days/wk, one
shift/di.y. In the third scenario, the operating

scheme waa changed to allow batching and blend-
ing on the same day and pellet preas!ng four
daytr/wk, one shift/day.

The Simulation was performed using the
SLAM 11 simulation lanXuage2 on a PRIME 7S0

computer. To yield information of uae for proc-
eaa design, the process modeln must include much

more detail than in ordinarily required for the

design of # aafehuarrln ayetem. The neceaaa~y

informtition waa obtained ~y a detailed examina-
tion of the process flok nheet.s ●nd operating
.ychemes and by discunsionti with process detiign

engineel Ii . Equipment failure ratrn and mean
repair timc# were estimated. Equipment failt.rea

were modeled to occur ran(lom] y . Simultit ion 01

one year’a proc~oa opl,ratiotl required ~+5 min of
computer time. In Honorol 1~1 one-yr simulatiot)a
were poriormed fnr @flCh t!rc!lario or opcraLil\K
scheme to acquire nufficirnt atatinlics,

Procenn opr Itinn wan alnn nimul~ted with
nu Pqllipment failuren t{) dete,mine the tl)onrvt-
ical rnaximun, nwt put, thmi)ariaon of the renultn

with thnne from aimulnt. ionrn that in~lllde oqllip-
ment fni Iilren I)llt givo eetinfactury producl

yioldn allown Lh@ procrna (loniMlt@r to cfilct)latp

the r*quirttd uptime n[ onrh nul)nyatvrn of t Ill
provenm,

II. Moat ‘ll~}:n~)(lrt ~$ynttw. . ..—.

‘TIIP Del)indinK nnd Sintrwtin M Furnacen, Noa

I)nloadiux, I)ropvrty AtljtlrItmIDnt , an(l, 01 cotlrne
I.he Ih)at ‘Ttmunport !iyn(rm operald 24 h/day,
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7 dnvsfwk, 11.? I\ont innpcct inn ,Ind Clet. ni,}g for the third week of operation (bourn 504-6)2)

ntntion, which is man(lnlly’ f~perated, wmn ached;
Illod to nprrntc. nnly 5 dayn/wk, one nhift/day,
Tho IIimulnt ion wan performed LU nnnwrr cpecilic
qu~nt ions nbnut the perinrmnrace nnd t,per~bility
of thin nyntpm, Wo.lld thene oper~tilly, hou:n be

~ufficirnt to prov:dc th., n?ccnMary ni:pply of

clean boata t B Prenaing and I)uat Loading? How

many dirty I),)ata would he w~iting on Conveyor
l.onp A and thp Itt>nt in~pect ion inlet coo~, ryor7

IInv lull nre tllr conveyor loops and how much 01

tho available time are they in opordtion, cnm-
pdrr~l to doni~n criteria? Wllrnt vperutinR acnerne
mllould l)rI ndoptpd for th~ Boat CleaninK and

Inaprrt ion nt, at ion?

opornt ion nf the l\nnt ‘~r~nop{)rt Syat~lm Han

nimlllatod, nnn{imin~ II() equipment fdiltlrefl, Inr

1000-2000 Il. The renulta presented lt*ro are

during which timr the my-stem is at Nteady state.
Thiee operating achetnen for boat inspection
were considered.

1, Sclleme A, All Unio.)ct:?dj dirty boato.... . . . . ._. _ ———
und ●ll empty I)oatn mutt be cleaned and in-
nt.ected before re-ustt, An exception ia that

●reply bunts th,lt cntr,e out of th~ Oebinding k’ur-

nace may go directly to the Sintering Furnace

if n~rded there; otl)erwine, they arm tranaporied

to float Inippct ion by tl. ~ nhurt~al route. Uoa t

Inn~@ction ●nd Cleaning ia oi)eratmd 5 dayo/wk,
I/ h/day.

2. Scheme B. Ilnat Inspection ●nd Claaninu
ia {I;orat”?d j’_&yn/wk, 9 }%/day, All ut)loadecl,
dirty boato ●nd ●ll ~mpty hoatn rnunt IJO clcancd
and inapoetad bofora ra-une, am ill Scl)@me A.



3. Scheme C. Empty boats that have passed
through the Debinding and Sintering Furnaces

may be re-used without first going through Boat
Inspection. Twelve empty boats are maintained
on Conveyor J,oop B for use in the aintering fur-
nace, an required. Boat Inspection and Cleaning
ie ~perated 5 daya{wk, 8 h/day.

IV. RESULTS AND DISCUSSION

A. Powder and ?ellet Operationa—

The ~imulation results include much valu-
able information to both the safeguards system

engineer and the process designer. A partial

list of a.,ailable information is given in Tzble
I. Jne important result is .~hether the design

throughput has been achieved. mve.age yields

for the process scenarios with and without

equipment failures are given in Table 11. Each

value in the “with failurea” columns in an aver-
ape of the reaulta obtained in 10 one-yr simu-
l&tions.

The second process scenario obviously guve

uvautinfactory yields. What bottleneck in the

process caused the low throughput? COU14 yields

above 6000 kg/yr be attained by changes in the
operating scheme? An answer to the first ques-
tion was aougi)t by comparing the number of boats
in the debinding and eintcring furnace queues
for Scenarios 1 and 2 cnrl by exm,ininR plots of

the time history of the looded product boatiz

waiting at the debindinit furnace and actually
in the fl~lnace tor Scenario 2. Comparison of
the queue lengths (see Ttible III) showe(l that
fewer buattt were wt,iting to rnter th{ Iurnaces
in Scenario 2, The plcts showed !hnt, at reKu-

inte:valn, theri were no loaded” boats ‘in

lAtll,Ii i

PROCESS INFORMATION AVAILABLE FROM
M(lOlll, INC AttO SIMULAT1ON

‘T{)tnl [hrt)ilRhpur tlndrr ilormnl nprrntion

nnri undf,r upset condi’ ionn
!!rrnp accumulntinn

!iurg~ atnrHRe cnpncity needrd

Identification of pinch pnintn
Minimum an; tivnrag* plocenainR tim~w

Effect nf variatintln in proc~rnn.ng rat~n
Nurnher of failures and total downtime.n or

k-y equipment it~mn
Queur. lenRtha at prorena t,perat. ioiln

Equipment utilization [aclorn
Frfart Of altc+rn~tivm pr),.mr~ line

ncenarinn or opornt inM n< fl~mnn

TABLE II

AVERAGE PRODUCT YIELDS

With Failures Without Failures
Process Yield No. of* -d No. of-
Scenarlo ~ Batchea {@J& Batches

1 7457 88.6 8366 99
2 5317 66 7160 88
3 6407 80 7751 96

*Values are the averages obtained in 10 one-
yr aimulationJ.

the queue and no loaded boats in the debinding
fulnacc. The >ottle,~eck was found to be at
Binder Addition, where binder was added to 4-kg

s~b-batches of m; Ked oxide in cans, the cans
sealed, and the contents blended--one can at a
time. This time-consuming operation af~ectcd
i;ll subsequent process steps.

Several additio)tal simulations were per-
formed to determine if I.igher throughput could
be attaine.t by a change in operating scheme.

Tbe mdjor modification involved processing 5
batches every 2 wk, instead of 2 batches/wk.

Other modifications involved keeping spare can
handling equipment on I]and to use as replace-

ments for malfunctioning units and using the
spare sintsling furnace or another furnace to
proccsc green ncrap. The rcsu!La of thene aim~-

lations, summarized in Table IV, show that the
procenn 8cenario and eq,]ipmenL were not limlting
factcra and that satisfactory yields mtzy br
achieved by nppmpriatc chan$ea In the operating
: Cllemr .

COMPARISON OF QUEUE l,ENGTIIS FOR
PROCESS SCENARIOS 1 ANl) 2



TABLE IV TABLE V

EFFECT OF CHANGES IN OPEfblTING SCHEME:
SCENARIO 2

Product Yieid
operating Scheme (kg/yr)*

Two batchea/wk 5317

Five batches ever!! 2 wk
Nominal 6135

Spare can-handling equipment 6524
Green scrap through other b620

furnace

*Average of results from 10 one-yr aimulationa.

The simulation results permit construction

of process materials balances that include the

total quantity of scrap and analytical samplea

accumulated during the year. A typical mate-
riala balance for one year’s operation is given
in Table V, This information is useful in the
design of an adequately sized dry scrap recovery

process.

The simulation reau~ts alao include data
on the average and maximum number of boats in

use, the number of boats on the 100? conveyors,

queue lengths and waiting timee at varioua proc-
ess operations, the maximum number of cans of

pellets in surge stortige areaa, and the number
of failures snd total downtime& of key equipment

itemn, Equipment failurrs were modeled to occur
nt random times, When the Weibull distribution

with the shape parameter set equal to 3.5 waa
uned , thr mean of the ranRc of failures and
repnir timpo obtained in the simulation agrees
well with the estimated v~lur=s, I’ll@ -esultn of
the simt]lationn allowed determination of poten-
tial hnttlenecka In the prr)ceam and estimates

of capocitien of in-procend storage areas that
would be rrquir~d I!ndar upset conditions,

‘The simljlation enable~ th~ safeguard ayn-

tem drsigne: tn trnck n production batch through
the proceuo an a functioi of time and Iochtion.

in acti)nl prnrens oprrntion, all nuclear mate-

rial will tJfI meaaurecl Illld identified as il
panncn frnm ntlr prf,coaming area trr ●tlotherl ●nd

matprialn balances will he calculated within
2.4 h. 10 the fwtlirct, compnrioon of the protean
data with information given hy complltor #im~~lrn-
tin:l will aid Il\c procemn opermtor in detecting
Jtny nhnc~rmal ilion in a timely manner.

TYPICAL MATERIALS BALANCE

Stream Quantity (kg/yr)

Input 9064.83

oo:put
Product 7582.25 83.6b%

Scrap 1159<02 12.79%

Samplea 218,28 2.41%

Sinterin~ weight leas 41.96 0.46%

In-proceaa inventory 63.32 0070%— —

Total Output 9064,83 100.00:

B. Boat Tranaport System

Simulation of the three operating schemes

gave data on the total. number of boata in use,

the number of bo.zta on each convey~r loop, the
usage of each loop (hours/week), the length of
the queue of dirty boata at Boat Inspection,

and the available clean boata at the inlet to
Pellet Preajirrg and Boat Loadir.g. Hourly valuea

were calculated for four of Lheae parameter.

Of the three operating achemea inveati-

Rated, two gave satisfactory reaulta. Scheme B,

in which the Boat Inspection and Cleaning sta-
tion ia operated 7 daya/wk, 9 h/day, is aatia-

factory if all boats must be clea-ed ●nd in-

spected before re-use. Scheme C, in which Boat

Inspection is operated 5 day8/wk, 8 hlday, ii,

suitable if empty boata may be re-used without
cleaning and inspection. In both of the satis-

factory achemea, the conveyor 100pa are never
more than 45% filled and are in operation leas

than 30% of the available time, which meets

design specifications,

Some regul u of the simulation for Scheme A

are given as an example of the output available
and to demonstrate why Scheme A waa unaatiafac-

tory. The reaulta are summarized in Table Vl

●nd Figs. 3-5. l’he maximum number of boatn on

Loop A ia 89, and the awragr number exceeds 6!I

(whirh ia 50% of the capacity, the design speci-
fication) on 14,)nday, Tuesdsy, ●nd moat of Wed-
nearlay (ape FiR. 3). lwup d ia ●lwaya leso than

one-fourth full. The numLrer of boata proceaaed

daily at Boat Inspection la 53 Monday through
‘fluruday ●nd 42 on Friday. Thin prl~:eaaing ratm

ia insufficient to furnifih the nwmjer UI clean
boatn required ● t I’reosinx and Boat Loading



TABLE VI

SIMULATION SUMLARY FOR SCHEME A

All boats pans through Boat Inspection.

Boat Inspection and Clraning oper~ted 5 days/wk,
12 h/day.

Total boata in use: 145 regular + 14 scrap

boats.

Maximum number of boats on Loop A: 89

Maximum number of boats on Loop B; 25

Loop A in use 26.85% of time (45.11 h/wk)

Loop B in use 22.15% of time (37.21 h/wk)

Maximum length of queue

Debinding F~,.nace 32 boats

Sintering Furnace 32 boats

Boat Inspection 98 boats

Maximum numb.. of clean ●mpty boats available

(before weekend) 78

during the firut part oi the week (see Fig. 4).
Additional clean boata would have to be bagged
in, a time-ccnauming operation. FurthPr, the

queue of dirty boat~ at the inlet to Boat In-
spection ia very long moat of the week, dimi.n-
iohes briefly on Friday and Saturday and then

quickly builde up again to a maximum (f 98 (oee
Fig. 5). iloat of these boata must be 8tored on
COnveyJr loop A. Clearly, Scheme A ig unaccept-

able.
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v. SAFEGUARDS SYSTEM DESIGN

Thu procrno design for the SAF lil~e is not

yet [in.dl. Additional modeling and nimulatkull

of the procena and Lhe boat tra!!aport ay~tem ia
in p.,o~reoa. I)atn or prOceEa m~nnurementm ~rr.

bcin~ ●dded to tile powder and pcllnt oprrmtiolls

mod-l, Tho combil}ed 1),’oc~vmfmvaak)rrm~ntn n,odcl

will eerve aa the basi~ for deeign of the a~te-
R~ard@ nyatem. Varitiun materialo corrlrul and
tir.courlting schemes call than be tested tu detrr-

mine their aennitivity for detection of loin UC

FiK. 3. Bnatn cn Convrvnr Loop A, Scheme A,



materia; . Because more than 2000 kg of pluto-

t~ium oxide will be fabricated into mixed ura-
nium-plutonium oxide fuel pellets annua11 y,
selection of an effective aafeguarda system ia

of prime i:.lportance.

VI. CONCLUSIONS

The computer modeling and simulation ap-

proach has heen valuable in eatimuting in ad-

vance how well a given proceaa scenario or oper-
ating achem~t would perform. The results have

been useful to the proceaa designers at Westing-
house Hdnford Compfiny in optimizing their de-

signs for the configuration and operation of

the SAF line.

In the past, safeguard systems had to be
designed ~.c fit an existing process. KJW, for
the first time, the safeguards system engineer

has participated in the process design. The
result should be a smoothly operating process
that is eaaier to safeguard.
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